1 ZnO:Al thin film have been studied at different fluence. XRD and atomic force micrographs 2 confirms fragmentation of particles in the irradiated films and increase in surface roughness 3 which helps in increasing the efficency of adsorption rate in the gas sensor and hence these 4 fragmentation of particles and increase in surface roughness due to SHI irradiation can increase 5 the performance of a gas sensor which can be used in hostile environment.
Introduction
Zinc oxide (ZnO) belongs to the family of semiconductor with direct wide band gap of energy 20 (3.37 eV), high exciton binding energy and display high chemical stability [1] . This property paves 21 great application in opto-electronics devices which is observed in both the visible and UV regions, gas 22 sensors, field-emission devices [2] . Instability exists in pure ZnO due to the environment being corrosive with SHI of having different fluence of 3 × 10 11 , 3 × 10 12 and 3 × 10 13 respectively. The modification in 34 structural and electrical properties due to SHI are studied and discussed.
35

Experimental Details
36
Alumunium doped Zinc oxide (Al-ZnO) films of thickness 230 ± 5 nm were grown on Silicon 37 substrates by the process of DC magnetron sputtering. Removing of unwanted oxides from the surface 38 of Si is performed by etching using acid solution (HF:DI::3:1). After cleaning, the substrate were put 39 in a sputtering chamber. For the deposition, the chamber pressure were set at 5 × 10 −6 and 3 × 10 −3 40 mbar was maintained as working pressure. For getting a uniform growth, the substrates were rotated 41 at 20 rpm and the distance between the substrate target and sample was kept at 15 cm. Argon gas 42 of 30 standard cubic centimetre per minute (SCCM) was passed into the sputtering chamber where 43 ZnO:Al 2 O 3 (2%wt) target with a diameter 3" with purity(99.99%) were used to deposit Aluminum 44 doped ZnO thin film. Post deposition, the thin films were ion irradiated with 120 MeV Ag 9+ beam at 45 fluence 3 × 10 11 , 3 × 10 12 and 3 × 10 13 ions/cm 2 respectively at Inter University Accelerator Centre, 46 New Delhi. The Ag 9+ ions from the plasma were extracted by plasma chamber which are highly polarized gaining energy accelerating at high speed to impact and impart a kinetic energy of 120 MeV.
48
Before bombardment of high energy stream of ions to the Al:ZnO target and to ensure purity, dipole 49 magnet was used for a thorough examination of the mass and energy of the high energy ion beam.
50
Maintaining uniform ion flux during ion irradiation on the surface of the thin film was achieved by 51 scanning the high energy beam using a magnetic scanner over a area of 2.0 × 2.0 cm 2 . A beam current 52 of 9 nA was constantly provided during the entire ion irradiation process.
53
The study of microstructure was done by X-ray diffractometry (XRD)technique using (XRD-6100) of XRD data of as-deposited Al:ZnO and 120 MeVAg 9+ ion irradiated samples at different fluence 3 × 10 11 , 3 × 10 12 and 3 × 10 13 ion/cm 2 confirm that Al:ZnO thin films display a polycrystalline hexagonal wurtzite structure.The patterns of diffraction matches with standard JCPDS card number 75-0576. Structural changes are observed after swift heavy ion irradiation from the diffraction pattern (figure 1) the silicon (Si) peaks appear within a range of 52 o to 60 o bragg's diffraction angle. Due to increase in the concentration of dopants, in the present case Aluminum (Al) in the ZnO thin film where Zn 2+ successfully gets substituted by Al 3+ along the interstitial sites of the ZnO lattice structure. As the substitution occurs successfully hence secondary peak of Al is not found in the XRD pattern [5] . The change observed in the relative peak intensity diffracted with the increasing ion fluence depict a modification in the orientation of the plane of ZnO thin films upon SHI irradiation. Pristine and SHI irradiate thin films are having similar peaks as fluence increases with minor shift which signifies release of residual stress and presence of strain which creates distortion in the crystal lattice [6] . From the diffraction pattern we observe a substantial decrease of relative peak intensity for the plane (002)2θ (34.0 o ), with increase of ion fluence suggest that amorphization process occurs and Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 October 2019 doi:10.20944/preprints201910.0310.v1
Version October 5, 2019 submitted to Materials iii of vii crystallinity decrease at that plane as high temperature zones are generated due to ion irradiation. Using Debye-Scherrer in (equation 1) at (002) plane crystallinity was calculated which is seen table 1.
where β hkl defined as full width at half maximum (FWHM), K which is constant (0.90),λ k is the wavelength of the incident X-ray (λ k = 0.1540nm),D gives the crystallite size with θ representing bragg's angle. The lattice constant along (100) plane is calculated by
corresponding (002) plane, the lattice constant c is calculated by
The lattice constant a=3.29A 0 and c=5.27A 0 , c/a=1.60 which is the ratio for the lattice parameter of a 61 ideal hexagonal structure[6]. From table 1 its observed that crystallite size increase up to 3 × 10 11 ions/cm 2 but decrease for 3 × 10 12 and increase again for 3 × 10 13 which stipulate the observed increase in the ZnO:Al crystallite size as increment of 1D defects (point defects) create nucleation center and density of such centre increase with fluence. The decrease in the crystallite size can be ascribed to inelastic collision between the beam's incident atom moving at high velocity towards the target material which leads to fragmentation [7] . The dislocation density(δ k ) was calculated by the following formula.
The dislocation density decrease up to the fluence 3 × 10 11 and increase for the fluence 3 × 10 12 and again decrease up to fluence 3 × 10 13 . The released strain (s) in the Zinc oxide thin film during irradiation along the plane (002) was calculated by
The change in dislocation density and strain is due to point defects which are created in cascaded 3.1 was used to investigate RMS surface roughness and to generate the particle size distribution curves 72 for analysis ( figure 3 ).
73
The change in RMS roughness is calculated and tabulated in table 2. With increase ion fluence the RMS roughness increase (figure 2). This increase of roughness can 3 × 10 11 3.34 × 10 21 11.7 6.31 × 10 3 3 3 × 10 12 1.73 × 10 21 10.2 2.83 × 10 3 4 3 × 10 13 1.06 × 10 21 6.6 1.13 × 10 3
74
During the entire process of irradiation, the observed carrier concentration of ZnO:Al film decrease
